Introduction This is the first study to examine the prevalence of self-reported smoke-free rules for private cars and homes before and after the passage of a smoke-free vehicle law.
Introduction
In the United States, 88 million nonsmokers were exposed to secondhand smoke in 2007 through 2008, including 32 million children aged 3 to 19 years (1). The involuntary exposure to tobacco smoke among infants and children increases risk of illness and premature death (2, 3) . Given that small children breathe at a faster rate than adults, they are exposed to a greater quantity of air pollutants, including cigarette smoke (4) . Smoking inside a small enclosed space such as a car is particularly dangerous because the concentration of pollutants from cigarette smoke can accumulate rapidly (5) . Vehicle-related exposure to tobacco smoke causes infants to be lethargic (6) and young people to be twice as likely to develop asthma (7) . Even with ventilation in vehicles, secondhand smoke from 1 or more cigarettes exceeds Environmental Protection Agency (EPA) limits (6, 8) . The 2006 Surgeon General's report concluded that there is no safe level of exposure to secondhand tobacco smoke (2) .
Although comprehensive state laws that ban smoking in public and private worksites, restaurants, and bars have increased, covering nearly half of US residents (9, 10) , these laws do not protect children from exposure in private areas, such as vehicles and homes (4) . In Maine, 22.8% of adults aged 18 or older currently smoke (9) . As a result, 53% of Maine high school students and 41% of middle school students are exposed to secondhand smoke at least once during any given week (11) . The city of Bangor was the first and only locality in Maine to pass a smoke-free vehicle ordinance, which went into effect in 2007 (12). In January 2008, Maine passed a statewide law prohibiting smoking in a motor vehicle by the operator or a passenger whenever a person under the age of 16 years is present (13) . This law went into effect on September 1, 2008.
Six states and 1 territory have passed laws prohibiting smoking in vehicles occupied by children (14) . This is the first study to examine the prevalence of smoke-free car rules and smoke-free home rules before and after the passage of a smoke-free vehicle law. The objective of our study was to examine whether there was a difference in self-reported, smoke-free car and home rules after the passage of Maine's smoke-free vehicle law. The secondary purpose was to examine the characteristics of those who reported having such rules.
Methods
The Behavioral Risk Factor Surveillance System (BRFSS) is a cross-sectional state-based telephone health survey conducted through a random-digit-dialing methodology among persons aged 18 years or older (15) . To study the prevalence of current cigarette smoking and the proportion of those with smoke-free car rules in Maine, BRFSS data Data from the BRFSS Part B surveys were analyzed, including demographic variables of age, sex, education, annual household income, number of children in the household, and smoking status. Differences between reported smoking rules before and after the law was passed were tested for significance overall and within each demographic category.
Participants were asked the following questions from the BRFSS core questions to determine cigarette smoking prevalence: "Have you smoked at least 100 cigarettes in your entire life?" and "Do you now smoke cigarettes every day, some days, or not at all?" Current smokers were defined as those who reported having smoked 100 or more cigarettes during their lifetime and who currently smoke every day or some days.
Data from the following BRFSS secondhand smoke survey items in Part B were examined: "Which of the following statements best describes the rules about smoking inside your car? No one is allowed to smoke inside your car, smoking is not allowed if children are in your car, or smoking is permitted anytime inside your car." and "Which of the following statements best describes the rules about smoking inside your home? No one is allowed to smoke anywhere inside your home, smoking is allowed in some places or at some times, smoking is permitted anywhere inside your home." All analyses and statistical tests were conducted using SUDAAN (Research Triangle Institute, Research Triangle Park, North Carolina), a statistical software package for the analysis of correlated data, including correlated data encountered in complex sample surveys like the BRFSS. Two-tailed t tests for differences in proportions were conducted in SUDAAN to examine whether the policies of smoking inside cars or homes 1) changed after the passage of Maine's smoke-free vehicle law and 2) are significantly different within each of the demographic characteristics listed above.
Results
Among all participants in the BRFSS Part B survey from 2007 through 2010 (n = 13,461), slightly less than half were male (48.2%) ( Table 1 ). The mean age of participants was 48.6 years, and the range of ages was from 18 to 97 years. The median annual household income among survey participants was between $35,000 and $49,999. Approximately one-third of the survey population (32.1%) completed high school or had a general equivalency diploma (GED), and 6.6% had less than a high school education. One-quarter (25.7%) attended some college or had a technical degree, and the remainder (35.6%) had a college degree or higher. Close to two-fifths of participants (37.6%) had at least 1 child in their household. Approximately half (49.3%) of the survey population had smoked at least 100 cigarettes in their lifetime. Overall, at the time of the surveys, more than four-fifths (82.4%) did not smoke, and 17.6% were current smokers. All demographics showed nonsignificant change between the 2007 survey and the 2008 through 2010 surveys at P < .05. Table 2 shows the relative change in smoke-free car rules by various demographic factors after the smoke-free vehicle law was passed. Overall, 78.8% of Maine adults aged 18 years or older reported a smoke-free car rule after the smokefree vehicle law was passed. This is a significant change from before the law, when 74.9 of adults reported having a smoke-free car rule (P = .004). The percentage of adults reporting no rule (ie, smoking is allowed anytime inside car) was significantly lower after the law was in place (from 7.9% before the law to 5.1% after the law, P < .001). Examining the results by year shows no significant difference between reported rules in the 3 years after the law was implemented (78.6% in 2008, 78.1% in 2009, and 79.8% in 2010), an indication that the prevalence of smoke-free car rules was consistent in the 3 years following passage of the law.
Smoke-free car rules
By demographic characteristics (Table 2 ), significant changes in reported smoke-free car rules occurred after the law was passed compared with before the law was passed among women (prevalence was 6.2% higher, P = .005), high school graduates and those with a GED (8.3% increase, P = .04), and those with children in their household (11.6% increase, P = .002). Although adults with annual household incomes of less than $20,000 had the highest percentage increase (14.2%) in smoke-free rules after the law was passed compared with before the law, both those with incomes of less than $20,000 and those with less than a high school education had a lower prevalence of smoke-free car rules before and after the law was passed than did those with incomes above $20,000 and those with a high school education or better. Only 64.5% of adults with less than a high school education reported having a smoke-free car rule after the law was implemented, but 88.2% of college graduates reported having such a rule. Among adults with household incomes of less than $20,000, 65.0% had a smoke-free car rule after the law was implemented, compared with 88.8% of those with annual household incomes of $75,000 or more.
Both before and after passage of the law, nonsmokers were more likely to report having a voluntary smoke-free car rule (86.4% before and 88.5% after) than were current smokers (21.8% and 26.9%) (P < .001). Although not significant, this 23.3% relative increase for current smokers is the largest for any demographic groups; however, current smoker sample sizes in the BRFSS are smaller than many other demographic groups, which may contribute to the lack of statistical power for the current smoker segment. Among adults who never smoked, 9 in 10 reported having a smokefree car rule after the law was implemented.
Among respondents who had children in their household and who reported not allowing smoking in their car, the prevalence was significantly higher after the law was passed (69.2% before and 77.2% after, P = .002) ( Table 2 ). In addition, the percentage of those who allowed smoking any time in the car was significantly lower (reduced by nearly half) after implementation of the law. Only 3.7% of adults with children in their household allowed smoking anytime in their cars after the law was implemented compared with 6.8% before the law was implemented (P = .04). Although not significant, there was an increase in the percentage of current smokers with children in the household who reported having a smoke-free car rule, from 19.2% before the law was passed to 30.7% after the law was passed; this 59.9% relative increase is the largest among all of the demographic groups. By contrast, adult smokers without children showed no significant change in the percentage who reported having rules about not smoking in their cars after the law went into effect (23.8% before; 24.0% after).
A secondary analysis comparing the period before the law's implementation and the period afterward (ie, comparing January 2007 through August 2008 with September 2008 through December 2010) revealed that smokers with children in their household reported significantly higher levels of smoke-free car rules after the law was implemented (31.5%) than before implementation (22.0%) (P = .03), a percentage increase of approximately 43% (data not shown).
Smoke-free home rules
The percentage of respondents reporting having a smoke-free home rule was significantly higher after passage of the smoke-free car law, 83.1%, than before, 79.9%, P = .009 (Table 3 ). The prevalence of smoke-free home rules after the law was implemented was higher among those with 4 or more years of college education than among those with lower levels of education (P = .02).
Discussion
Our study shows that the prevalence of smoke-free car and home rules among Maine adults was significantly higher after the passage of its statewide smoke-free vehicle law. The fact that this change in smoke-free rule prevalence coincided with the passage of a smoke-free vehicle law may be indicative of changing social norms related to the unacceptability of secondhand smoke exposure among Maine adults. The link between public smoke-free laws and voluntary smoke-free rules is a possible explanation for the change that was observed in our study (16) .
The intent to protect children is demonstrated by the increase in smoke-free car rules after the passage of the law. Current smokers with children in their household reported an increase in smoke-free rules after the law was passed compared with almost no increase for smokers without children in their household. However, disparities exist as seen in the literature (17, 18) . Another smoke-free vehicle study found misperceptions among low-income adults regarding the efficacy of keeping windows down to avoid the hazards of exposure to secondhand smoke (19) .
Although smoke-free car rules increased in Maine, more work remains to be done. Among all participants surveyed from 2007 through 2010, 16 .4% still allowed smoking when children were not present. This is problematic because the residues from tobacco smoke components stay on vehicle surfaces. One study found that used vehicles owned previously by smokers had significantly higher levels of nicotine in the air, dust, and vehicle surfaces than vehicles owned by nonsmokers (20) . Another study detected the interaction of cigarette smoke and vehicle engine emissions forming carcinogenic tobacco-specific nitrosamines (21) . This finding is cause for action given the harm to infants and children because of their contact with surfaces and quicker respiration (4).
Children are among the most exposed groups to secondhand smoke (1). Our study also reviewed smoke-free home policies during the same period, because children are more likely than nonsmoking adults to live with someone who smokes. Concern over a potential increase in smoking in homes after the implementation of smoke-free laws in public places has been discussed and found to be unwarranted (16) . Our results also counter this concern given that voluntary smoke-free home policies also increased significantly after Maine's law was implemented. Because smoke-free home rules are voluntary, they serve as an indicator of public attitudes and social norms, as well as support for smoke-free indoor environment policies (16, (22) (23) (24) . Other studies found that smoke-free home policies reduce smoking initiation among young people and help smokers quit (2). The implications for public health are immense; childhood exposure to secondhand smoke increases the risk of illness and premature death (2,3), including respiratory diseases (2); sudden infant death syndrome (SIDS) (2); cancer as an adult (25); higher lead blood levels (26); and attentiondeficit/hyperactivity disorder, learning disabilities, and conduct disorders (27) . Among US children, secondhand smoke exposure costs $4.98 billion in annual health care expenditures (28) .
Possible explanations for the positive outcomes of Maine's state law include the comprehensive programs conducted throughout the state. In particular, to educate the public about the law in Maine and to raise awareness about the effects of secondhand smoke exposure, the Partnership for a Tobacco-Free Maine implemented a statewide health communication campaign titled, "Wherever You Live and Breathe, Go Smoke-Free." The campaign included the use of television and radio. The media campaign was on air from February 14, 2008, through November 30, 2008. Furthermore, Maine has strong smoke-free workplace and public place laws that contain few exceptions or loopholes. Maine does not prevent localities from implementing policies stronger than the state laws, and many localities have done so. Support for the current law may continue because research shows that more favorable attitudes toward smoke -free laws exist as a result of advances in the scope of smoke-free indoor environment policies (16, 29) , including policies related to smoking in vehicles (30) .
A limitation of this study is that estimates for cigarette smoking and voluntary smoke-free rules are based on selfreports and are not validated with biochemical tests. However, self-reported data on current smoking status have high validity (15) . Another limitation is that the Maine BRFSS survey item includes smoke-free rules for cars, not all types of vehicles such as sport-utility vehicles, minivans, and trucks. As a result, the current prevalence data may be a conservative number.
The smoke-free car law is part of a comprehensive tobacco control program that includes multiple interventions: state and community, health communication, and tobacco cessation. Therefore, it is difficult to separate the effects of 1 aspect of a comprehensive program from all other aspects. In particular, the statewide "Wherever You Live and Breathe, Go Smoke-Free" campaign may have contributed to the increase in voluntary smoke-free car and home rules. Other factors that may account for the increase in voluntary home rules could be the federal cigarette tax that went into effect in 2009 and the trend toward lower smoking prevalence in Maine.
Because of the limited availability of data, equivalent survey measures between 2007 and 2010 were not available to make comparisons with an analogous state that does not have a smoke-free car law; however, we found 2 data sources that may provide support for our findings. Vermont has similar statewide laws prohibiting smoking in public places and worksites, but not a smoke-free car law. In 2007 Maine and Vermont had a statistically equivalent prevalence of voluntary smoke-free home rules, 75.4% in Vermont and 76% in Maine according to the Tobacco Use Supplement to the Current Population Survey (TUS-CPS) (31). In 2010, Maine had a significantly higher prevalence of voluntary smoke-free home rules than Vermont (Maine 84.4% vs Vermont 80.6%), according to the National Adult Tobacco Use Survey (2010 TUS-CPS data were not available when we wrote this article) (9) . It is a limitation that these data are from 2 different sources; however, these were the only data available to provide additional insight. These data sources as well as year intervals are the same as those featured in the Centers for Disease Control and Prevention's Tobacco Control State Highlights 2010 (9,31). There are limited data about smoke-free vehicle rules and consistent survey questions. Consideration of smoke-free vehicle rule measures in surveillance surveys are needed to conduct future studies to compare demographics and smoke-free vehicle rules among states.
Although exposure to tobacco smoke has declined in the United States, much remains to be done to reduce the disparities in exposure, especially among young people. In addition to protecting children, smoke-free vehicle laws may also reduce the negative health consequences experienced by other vulnerable populations and all nonsmokers given that there is no safe level of exposure to secondhand smoke (2) . States with comprehensive smoke-free indoor policies that include worksites such as restaurants and bars should consider extending them to include private areas such as vehicles. Smoke-free vehicle laws may strengthen support for the protection of populations from exposure to secondhand smoke, increase the population's knowledge about the negative effects of secondhand smoke, increase smoke-free norms, and assist in reducing tobacco use. Tables   Table 1 The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions.
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